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TEXT OF THE CHANGE

80-100

The analyses provide the following MoS:

MS1 Joint separation

MS2 Direct Tension Ultimate

MS3 Direct Tension Yield

MS4 Total Tension Ultimate

MS5 Total Tension Yield

MS6 Direct Thread shear Ultimate

MS7 Total Thread shear Ultimate

MS8 Shear Ultimate

MS9 Bending Ultimate

MS10 Combined shear, tension and bending ultimate
Table 0-1: MoS definition

The analysis of the bolts was performed using the approach as per ANNEX 1of the document,

The scope of this DCN is to provide the results of the updated analyses of the joints of bTOF
All the structural joints presented in this document are analyzed using the new approach and the
results of these analyses supersede the joints analyses of the document.

Under NASA request the joints are now analyzed using a new approach furnished by NASA, following
the NSTS 08307, Criteria For Preloaded Bolts (July 6 1998) and attached to this DCN.
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Additional output are implemented for the fracture and fatigue analysis:

- Max preload

- Sliffness factor

- Load in plane factor
- Applied tensile force
- Applied shear force

FORCES DEFINITION

All the forces used in this document come from the document: all the joints are analyzed using the
worslt load cases found in the previous analysis.

BOLT SIZE

The size of the balt is generally the same to the one present in the document, if modifications are
required due to the new approach, the difference is highlighted.

MATERIAL

The material of the bolt is generally the same to the one present in the document, if modification are
required due to the new approach, the difference is highlighted.

TORQUE

According to NASA indication the applied torque for every joint is defined to have a preload of the
60% of the yield of the bolt material. This preload can be considered as first locking mean. Second
locking device is self locking insert or nut; if different locking device is necessary the requirement is
highlighted. All the torque values presented in this document are defined as the torque that provide
the desired axial preload. The running torque of the self locking feature (when present) must be
added as request by the locking feature.

Lr_______ - _A!ququn_g_l{on contaigeq in Lhis docume_n_t are property i Q_ABLO GAVAZZI SPACE__§pA. All rigr‘\"t_s___ru_aserved_ ) o |

Mod N° DCN-10/01




LO/0L-NDQ N PO

panrasal sIBL IV "vdS 3OVdS IZZVAYD OV Jo Auadoid 218 JUSWINDOp SIU) Ul PAUIRYUOD LONEWIoJUl [y

G3IJITOW 3dAL1eq ‘painbal id Japod ¥N YN [ YN | YN J YN | YN | YN 05'0 (31 0GraL YN YN NS BL %0t | NO90ES VN aN3 a0y 9 INIOT
'+ BUR { ] .

WAUNLINYELS NON ¥5'0 ¥5'0 | YN | YN | YN | vN | ¥N N VN ¥N 27 4% wNg'g %09 | SL0LIWEW HOLYTULNIDS S LINIOT
9z'0 BY0 | GZC | 920 |69LL | 950 | 9296 050 BFED GOLGL 09rt L2 WNSZ 0} %09 | PNLSEL SYN | BWODAINOHONIY | ¥ INIOT
EED 150 | 6¥'v [ BE'0 | 641 | €50 | #L0E 050 [¥EAD) £EED POLL S15 WNGZ ¥ %59 | ENTSEL SYN | LM HamMO1SEN € INIOP
91’0 660 |6EGL | 91°0 | 96'C | 650 | b5 8 0d'0 GEE0 OSE¥E POLL 8€2s WNSE GE %5 | ONISEL SVN | I8 H3cddlVSSN Z LNIOT
¥1'0 ¥I'0 | €6¢ | £60 [£Z'EL | 810 | 254 0%'0 1880 0592¢ 0ELS (175 LWNS 61 %25 | GNISEL SYN SINIY/LYE L LNIOT

UNUSW | OVSW | BSW | ZSW | 95 | vSW | 25W INVId HOLovd IN] INTHYZHE | IN]WIXY | AOVHIAY | Bd % u "
SHERLEE SLINS3Y SOW Miavol | esaNidus |  Ovolaud Xvw §30804 G31daV IN0¥0L e ch=e ¥ LNior

2seJ JSI0M
NOILYHNOIANOD 34VS TIv4
Q3IJI00W SdAL 100 'paJnbed ujd Jejiox 00 00 | oF Jeeo ] Ze ] or [ beL | LF0O | OF [ 0L E¥IOL 0 WNS B %0t | NO90ED SYN aN3 a0y 9 LNIOr
BT TR 1’0 VN YN | YN | ¥N | YN [ ¥N | ¥N | WN ¥N (1)1} 801 ] UINS'0 %09 | SL0LIVEW HOLYTILNIDS g INIOP
91’0 | 6050 | OF | ZFE | ¥Z0 [FEEL | 90 | ¥50 | €202 5901 8v'a [ 085 WNGZ OF %09 | PNISEL SVN | BWOIAINOHINIE | ¥ LNIOT
SL'0 9ev'0 [ o1 IEE | cE0 | 16 |9FL'D | 250 |E6ch 15°01 10'g €04 [4:T4 WNSZ ¥ %99 | ENISEL SYN [ I8 HaIMOT1SSN £ INION
€00 [ 12v0 | Q1 |zcBEZ | pOO | ¥FO |E2L 0| 2P0 | 2¥1 Z0'L £0'0 [T Zorzt WNSZ'GE %J/S | GNISEL SYN | W€ ¥3ddVSSn Z LNIOT
800 [ 800 | Ot [Z2€ | @0 | 8¢ | a0 | 800 | es¢ I 850 FrIZ 8z¥3 WNS'6Y %S | SNLGEL SVN ONIHIINE 1 LNIOF
UIWSW | OLSW | BSW | @S | ZGW | 95M | SSW | VSW | ESW TSN 1SW INNuvaHs [ INIviXy [ 3oveaAvy | Bd %

d

SEICIEL SLINS3Y SOW 530804 0aNddv 3NDEDL =BLEL i Ll
uopeiedas=L Sl 10} 3583 }SIOM
O3IHIJ0N SdAL11oq 'posnbe. uid 191100 200 00 | o1 Jeeo | &% | o1 [PEL[LFO [ OF [ or £rLO} 0 WNG'gL %*0E | NA90EY SYN QN3 aoy @ LNIOP
03050 ﬂ
HOHEIE émh:_w%,ﬂmﬂun.“‘uo: RISAEUS ovo | vo | wn | wvn | wn [ wn | wn | wn | wN ¥N ¥N Lig 504 wngo | %09 | szozivew | wouvTunos | s Lwior
V0 6620 | O v60 | 920 [ 6¥6E [ @910 [ 56'0 [50'6S 9067 195¢ E0BZ 74 WINSZ 0 %08 | PNLGEL SYN | SWCDAINOHONRT | v LNIOF
G0 | ESK0 | OF | B2Z | €c0 | vOL | 2P0 | 2650 [ELPL ¥4} [N 3 1Z¥ WNSZ ¥ %98 [ ENISEL SYN [ IMB HIMOTSSN € LNIOT
£0'0 12r0 | 0L [ZZ'BZ | v0'0 | ZF0 JE210 ] 2¥o | gv'L Z0') EQ'D 153 ZOFZL WNSZ'GE %15 | 9NLSEL SVYN | 1MA H3ddN/SSN Z LNIOr
100 10'0 o [0 | eg0 [ €65 [Ge0 | ¥i'0 | § gL't PO'Z [ LYBZ WNG'6L %45 | SNIGEL SYN ONIH/INE I LNIOP
ujwsly | oLSW | 6SIN | BSW | ISW | BSW | 5SS | ¥SW | S ZSHW [ INJYvaHS | INIviIXY | 39vuaav [ Ad%

d

SHEVWIH SLINS3Y SOW 530804 danddy 3NDEDL 108 i Lt e s
IBLUNIN PAUIGUIOI=0 LS JOf 5B JSIoM
NOILLYHNOIINOD TYNINON
9 40 39vd JDI1LON ADNVYHI LNINND0A vdS 30vdS IZZVAVD OTHVD
50/60/80 31va :3nss! _'r
SASOIH gy
200-S92-00-SASOIH 1N 20Q k..




Applied shear load V=328
Applied hending momeni MEEQN
Factors of Safety

Ultimate SFu =20 Yield

Joinl Separation SFsep:=12 Fiiting factar

Bolt and Insert Data

MNominal diameter of halt

Total length of bolt

Threaded length

(If balt is fully threaded, input Lt = 1)
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!
Th i & e
e )
Bat i f.‘}\,i‘,j;-m;f
- s P e
I
BN N
Loads [\ N 6
Applied tensile load Lo TN . | l'lm.”p

Temperature data

SFy:=125  Assembly Temp iniisl =68 deg
FF:=115  Maximum [Temp mef =122deg

Minimum T_emg”:mn =32 deg

Number of threads/inch
Length of insert

Min. external diameter of inser

Depth of recess for insert

[+] Reference:EAPROGETTINAMS\bol\BOLT_ANALYSIS 0 50230thread_dala_cgs.med

Washer Data

Thickness ol washer
Outer Diameter of washer

Inner Diameter of washer

Boll head dia across flals

dw =927 o

Note: If there is no washer, tw, Dw, and Dwi should be zero.

Flange data
Thickness of flange 1

Thickness of flange 2

Diameter of hole

{used only if there is no washer)

All informatioE
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Material Property Data
Bolt

Temperature correction factor for bolt strength ultimate

Bolt ultimate tensile allowable stress
Bolt ultimate shear allawable stress
Bolt yield tensile allowable

Temperature correction factor for bolt modulus

Modulus of elasticity of baolt

Insert

Temperature correction factor for insert strength
Ultimate tensile allowable stress

Ultimate shear allowable stress

Washer

Temperature correction factor for washer modulus

Modulus of elasticity of washer
Flanges

Stifiness of the joint depends upon number of members in the gnp of the fasteners,
Modulus of elasticity of these members, and diamelers of the boll and the washer.

Temperature carrection factor for flange 1 § (modulus) I (strength)
Temperature cotrection factor for lange 2 {modulus)

— -

Madulus of elasticily for the pars in the joint

Coefficient of thermal expansion for flanges |

Torque/Preload data

“*"Maximum orque

Minimum torque Preload Uncertainty: T =02

Torgue coefficient.

All information contained in this document are property of CARLO E@Y_A_Z;ZI_S_I_:ﬁCE SpA. All rights reserved . 1
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Reference:E\PROGETTINAMS\bolt\BOLT_ANALYSIS_050222\bolt_ stiffness_ins ert RevC_cgs.mcd

Bolt Load data

Bolt/joint stiffness factor ¢ =0331 Preload due to temperature  Pthr_pos = 563.4-N
Max. preload PLDmex = 15130.4+N Pthr neg =-4557 N
Min. preload PLDmin = 6241 2-N Uncertainty factor =025

Joint separation load Psep =811.2-N Torque coefficient k=013

Max. load on the bolt{ultimate) Pb =15387.3-N Loading plane factor n=05

Thread shear pullout load

of bolt ar insert Pths = 60004.2 N

Max. load on the balt{yield) Phy = 15291 +N

Bolt uliimate tensile strength  PAt = 23601.2+N Thread shear pullout load Ppths = 19093.2-N
in parent metal

Length check = "Holt length is sufficient”

Summary of Margins for bolt:

Joint separation Ms, =701 Direct Thread shear Ultimate MS, =11.28

Direct Tension Ultimate MsS, =14.18 Tatal Thread shear Ultimate MS, =024

Direct Tension Yield Ms, =1721 Shear Ultimate MS; =865

Total Tension Ultimate MS, =053 Bending Ultimate MS, =10

Total Tension Yield MS, =0.157 Clnmbined shear, tension and bending MS,, =0531
ultimate

Determination of the smallest margin of safety for the bolt, and the failure mode:

MSholt := min(MS)

MSholt =0.157 Feilure_Mode = "Total Tension Vield"
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